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0 Improvements In accuracy of rotation detector. 

0 A? rptetipn- detector a rotary|disk (20) in 

which'^sliiS (2^'are 1^ and a photodetector 

(10) for reading the slits (22) with a laser beam (15). 
The slits are constituted by concave and convex 
parts having different widths radially formed on one 
surface of the rotary disk at different intervals. The 
width of one of the concave and convex parts con- 
stituting the slits (22) which has a smaller width or 
slit interval is set to be smaller than the spot size of 
the laser beam. 
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Improvements in accuracy of rotation detector 



The present invention relates to a rotation de- 
tector for detecting the position, speed, and the like 
of a rotating object. 

An optical pulse encoder is known as a typical 
conventional rotation detector. This encoder in- 
cludes a disk on which rotating slits are recorded, 
and a pair of detectors for optically reading the 
rotation of the rotating slits. The rotating slits are 
constituted by light-transmitting and light-shielding 
parts which are alternately arranged on the disk at 
equal angular intervals in the circumferential direc- 
tion. The disk is coupled to a rotating object whose 
rotation is to be detected (a rotating object to be 
detected). Each detector comprises a light source, 
stationary slits for detection, and a phototransistor 
for converting an optical signal into an electrical 
signal. When light-transmitting parts of the rotating 
slits and the stationary slits for detection coincide 
with each other upon rotation of the disk, light from 
the light source reaches the phototransistor When 
light-transmitting and light-shielding parts of these 
slits coincide with each other, light from the light 
source does not reach the phototransistor. The 
motion of the rotating slits stored in the disk is 
represented by changes in intensity of light emitted 
from the light source and reaching the phototran- 
sistor, and is converted into an electrical signal by 
the phototransistor. 

The stationary slits for detection are respec- 
tively shifted from the rotating slits by 1/4 the slit 
interval, and hence electrical signals obtained from 
the detectors become two-phase signal compo- 
nents having a phase difference of 90*. Since the 
advance delay relationship in phase between two- 
phase signal components obtained from the detec- 
tors is reversed in accordance with the rotational 
direction of the disk, the rotational direction can be 
discriminated. The above-described encoder is de- 
signed to obtain a pulse-like two-phase electrical 
signal whose amplitude changes once for every 
rotation of the disk corresponding to one slit. 
Hence, such an encoder is called a two-phase 
pulse encoder. 

A great deal of attention has recently been paid 
to a system for driving a robot or the like by direct 
drive by means of a servo motor without gears 
instead of driving it by gear-reducing the rotation of 
a servo motor as in a conventional system. In this 
system, play, a decrease in rigidity, and the like 
due to gears need not be considered, and hence a 
high-speed operation can be performed with high 
precision. A servo motor used for such a direct 
drive operation needs to be rotated at very low 
speed. Therefore, rotation com- for this motor 
requires a rotation detector having a higher resolu- 



tion than a rotation detector of a motor with gears 
by a degree corresponding to the reduction ratio of 
the gears. 

In an optical pulse encoder. If the slit interval 
5 becomes several tens um or less, the influences of 
diffraction of light cannot be neglected, and the 
interval between a rotating slit and a stationary slit 
for detection must be greatly decreased. Conse- 
quently, mechanical assembly of a rotation detector 
10 becomes very difficult (about 8.000 slits must be 
formed, provided that a disk having a diameter of 
10 cm is used and the slit interval is set to be 50 
um). 

As a method of recording data at a very high 
15 density using a rotary disk, a so-called optical disk 
system is available, which is used for a CO 
(compact disk) for recording music or an LD (laser 
disk) for recording images. This system is de- 
signed to optically read pits recorded in a disk with 
20 a laser beam. By using this technique of optical 
disks, a rotation detector having a very high resolu- 
tion can be obtained. 

If this technique of optical disks is used, about 
210.000 slits can be formed in a rotary disk having 
25 a diameter of 10 cm. A one-phase output rotation 
detector obtained by this technique has a resolu- 
tion more than ten times that of a conventional 
optical pulse encoder. 

Although a high-resolution rotation detector can 
30 be designed by using this technique, tracking in 
the radial direction of the disk must be performed 
to accurately focus a laser beam onto a narrow pit. 
This requires a mechanism for radially moving an 
objective lens, and hence the structure is com- 
as plicated. In addition, since the rotation detector is 
mounted on a motor or the like, tracking may not 
be performed because of the influences of vibra- 
tion. Therefore. It is difficult to increase the reliabil- 
ity of tile detector. 
40 Moreover, in order to obtain tow-phase elec- 

trical signals for discriminating a rotational direction 
as In a two-phase pulse encoder, a pair of 
photodetectors are required and must be arranged 
in the circumferential direction of the rotary disk at 
45 an interval of N t 1/4 times (N is an integer) a slit 
interval of 1.5 um. Since the width of each detector 
in the circumferential direction is at least about 10 
mm, the interval between the detectors is 10 mm 
or more. An error of this interval in the circumferen- 
50 tial direction must be sufficiently smaller than 1 .5/4 
um with respect to a dimension of 10 mm. There- 
fore, it is very difficult to realize a very high relative 
precision. 

The present invention has been made in con- 
sideration of the above-described situation, and has 
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as its object to provide a rotation detector which 
has a high resolution by using a technique of 
optical disks, and has a simple structure with high 
reliability. 

According to the present invention, there is 
provided a rotation detector comprising a rotary 
disk in which slits are recorded, the slits being 
constituted by concave and convex parts having 
different widths and radially formed on one surface 
of the rotary disk, and a photodetector for reading 
the slits with a laser beam, wherein the width of 
one of the concave and convex parts constituting 
the slit which has a smaller width is set to be 
smaller than the spot size of the laser beam radi- 
ated from the photodetector. 

In the rotary disk of the rotation detector ac- 
cording to the present invention, although the con- 
cave and convex parts have small widths in the 
circumferential direction, each slit has a sufficiently 
large length in the radial direction. Therefore, the 
photodetector requires no tracking function In the 
radial direction, and no consideration needs to be 
given to the chance of a reading error due to a 
tracking failure caused by vibrations or the like. 

\Nhen the rotary disk is rotated and a laser 
beam is radiated from the photodetector onto one 
of concave and convex parts which has a smaller 
width, since the spot size of the laser beam is 
larger than the width of the part having a smaller 
width, laser beam components are reflected by 
both the concave and convex parts and interfere 
with each other. As a result, almost no laser beam 
returns to the photodetector, and an electrical sig- 
nal having a small amplitude is obtained. In con- 
trast to this, when a laser beam is radiated on one 
of concave and convex parts which has a larger 
width, most of the laser beam returns to the 
photodetector. and hence an electrical signal hav- 
ing a larger amplitude is obtained. Therefore, an 
electrical signal having one cycle is obtained every 
time the rotary disk is rotated by a degree cor- 
responding to one slit Since the slit interval can be 
reduced, a large number of slits can be recorded, 
and a rotation detector having a very high resolu- 
tion can be obtained. 

In addition, according to the present invention, 
there Is provided a rotation detector comprising a 
rotary disk in which slits are recorded, the slits 
being constituted by concave and convex parts 
having substantially tiie same widtii and radially 
formed on one surface of the rotary disk, and a 
photodetector for reading the slits with a laser 
beam. In this case, tiie wldtiis of concave and 
convex parts constituting slits are set to be sub- 
stantially equal to or larger tinan the spot size of the 
laser beam. Since the slit Interval can be reduced, 
a large number of slits can be recorded. An elec- 
trical signal having two cycles can be obtained 



every time the rotary disk is rotated by a degree 
corresponding to one slit Therefore, a rotation de- 
tector having a very high resolution can be ob- 
tained. 

5 Furthermore, according to the present inven- 

tion, there is provided a rotation detector compris- 
ing a rotary disk in which slits are recorded, the 
slits being constituted by concave and convex 
parts radially formed on one surface of the rotary 

70 disk, and a photodetector for reading the silts witii 
a laser beam, wherein a plurality of laser beams 
from the photodetector are transmitted through one 
optical system, and a plurality of electrical signals 
having different phases are obtained upon rotation 

7S of the rotary disk. 

In tiie rotation detector of the present inventor, 
the same optical system is used for a plurality of 
laser beams, and hence only one optical system is 
required and adjustment bf the relative position 

20 thereof is not required. Therefore, a rotation detec- 
tor capable of discriminating a rotational direction 
can be easily realized. 

This invention can be more fully understood 
from tiie following detailed description when taken 

25 in conjunction with tiie accompanying drawings. In 
which: 

Rg. 1 is a perspective view showing an 
optical system of a rotation detector according to 
the first embodiment of the present invention: 

30 Rg. 2 is a graph showing characteristics of 

the detector in Rg. 1; 

Rg. 3 IS a perspective view showing an 
optical system of a rotation detector according to 
the second embodiment of the present invention; 

35 Rg. 4 is a perspective view showing an 

optical system of a rotation detector according to 
the third embodiment of the present invention; 

Rg. 5 is a perspective view showing an 
optical system of a rotation detector according to 

40 the fourth embodiment of the present invention; 

Rg. 6 is a perspective view showing an 
Optical system of a rotation detector according to 
the fifth embodiment of the present invention: 

Rg. 7 is a perspective view showing an 

46 optical system of a rotation detector according to 
the sixth embodiment of the present invention: and 
Rg. 8 is a block diagram showing an appara- 
tus for forming an optical cBsk used for a rotation 
detector of the present invention. 

50 Rg. 1 shows an arrangement of a rotation 

detector according to the first embodiment of the 
present invention. The rotation detector is con- 
stituted by photodetector 10 and rotary disk 20. 
Rg. 1 shows an enlarged view of part of rotary disk 

55 20 for the sake of a description. Photodetector 10 
has tiie same anrangement as ttiat of a photodetec- 
tor (optical pickup) for an optical disk such as a CO 
(compact disk). Reference numeral 11 denotes a 
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laser diode: 12. a beam splitter; 13. a collimator 
lens; 14. an objective lens; 15. a laser beam; and 
16. a photodiode. Rotary disk 20 is coupled to the 
rotating shaft of a rotating object to be detected, 
and is rotated upon rotation of the rotating object. 
Reference numeral 21 denotes a plastic member; 
22, slits; 23. a reflecting film; and 24. a protective 
film. 

Slits 22 are designed such that concave parts 
(which look like projections because Fig. 1 is a 
view seen from the reflection side of the surface in 
which the slits are formed), each having a depth of 
0.11 um. a width of 0.4 am, and a proper length, 
are radially formed in one surface of plastic mem- 
ber 21 of rotary disk 20 at 1.5-um intervals (each 
of the remaining convex parts has a width of 1.1 
iim). and reflecting film 23 is formed on the sur- 
face having the concave and convex parts. That is. 
slits 22 are constituted by the concave and convex 
parts. 

A laser beam having a wavelength of about 
0.78 um emitted from laser diode 11 of 
photodetector 10 is transmitted through the beam 
splitter and is collimated by collimator lens 13. The 
collimated light is then radiated on rotary disk 20 
from the opposite side to the surface having slits 
22 through objective lens 14. The laser beam is 
adjusted by objective lens 14 so as to be focused 
onto the position of each slit 22. The spot size of 
laser beam 1 5 at the position of slit 22 is reduced 
to about 1.4 um. The laser beam is reflected by 
reflecting film 23. and returns to photodetector 10. 
The laser beam then passes through objective lens 
14 and collimator lens 13. and its direction is 
changed by beam splitter 12. The laser beam is 
finally guided to photodiode 16 to be converted 
into an electrical signal. 

When the center of laser beam 15 coincides 
with the center of the concave part of slit 22. since 
the width of the concave part is 0.4 um which is 
smaller than the half of the spot size (about 1.4 
um) of laser beam 15, a laser beam component 
reflected by the concave part and laser beam com- 
ponents reflected by the convex parts are mixed 
together and return to photodetector 10. A laser 
beam reflected by each concave portion differs in 
optical path length from a laser beam reflected by 
each convex part by a length twice the depth of the 
concave part. Since the depth. 0.11 um. of each 
concave part is set to be 1/4 the wavelength of a 
laser beam which is transmitted through plastic 
member 21. the laser beams which are respec- 
tively reflected by the concave and convex parts 
have a phase difference of 180*. Hence, the laser 
beams cancel each other upon interference. As a 
result, the amount of laser beams which return to 
photodetector 10 is greatly decreased, and an elec- 
trical signal obtained from photodiode 16 is de- 



creased in amplitude. 

When the center of laser beam 15 coincides 
with the center of a portion between the concave 
parts of slits 22, i.e.. the convex part, since the 

5 concave part has a width of 1.1 um which is 
substantially equal to the spot size (1 .4 um) of the 
laser beam, most of the laser beam is reflected by 
the convex part and returns to photodetector 10. As 
a result, an electrical signal having a large am- 

10 plitude is obtained from photodiode 16. The con- 
cave and convex parts constituting slits 22 can be 
converted into the amplitudes of electrical signals 
and read by photodetector 10 in this manner. An 
electrical signal whose amplitude changes once 

75 every time each slit 22 is rotated by a slit interval 
(1.5 um) upon rotation of rotary disk 20 can be 
obtained. 

Fig. 2 shows a relationship between the ratio of 
the width of each concave part to that of each 

20 convex part of the slits of rotary disk 20 and the 
amplitude (modulation factor) of an electrical signal 
obtained from photodetector 10 when the spot size 
of the laser beam is 1 .4 um. If concave and convex 
parts of slits have the same width (width ratio is 1) 

25 as in the case with the slits of the conventional 
optical pulse encoder, the amplitude of an obtained 
electrical signal has a very small amplitude. When 
the concave part of a slit has a width of about 0.4 
um, the amplitude of an obtained electrical signal 

30 is increased as the width of a convex part is 
increased, i.e., the slit interval is increased. 

If the width of each concave part is increased, 
however, the number of slits to be formed in the 
periphery of a rotary disk is decreased, and the 

35 resolution of the rotation detector cannot be in- 
creased. Therefore, the width of each convex part 
is preferably set to be twice or more of the width of 
each concave part in consideration of the am- 
plitude of an electrical signal obtained as a resolu- 

40 tion. With this setting, about 210.000 slits can be 
formed in a rotary disk having a diameter of 10 cm. 

As described above, according to the embodi- 
ment of the present invention, a rotation detector 
having a very high resolution can be obtained. 

45 which uses the technique of optical disks such as a 
CD (compact disk) and an LD (laser disk). If slits 
consisting of concave and convex parts similar to 
pits of an optical disk, and a reflecting film are 
used, tracking in the radial direction is not required, 

50 and the structure of the rotation detector can be 
simplified. As a result, the reliability of the rotation 
detector can be greatiy improved. 

In addition, since a concave part and a convex 
part constituting a slit have different widtiis, and the 

55 smaller width of the widths of the concave and 
convex parts is set to be smaller than tiie spot size 
of a laser beam, an electrical signal whose am- 
plitude greatiy changes once for every rotation of 
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the rotary disk corresponding to one slit can be 
obtained. The slit interval can be reduced to about 
1.5 urn. and lience a rotation detector iiaving a 
resolution more than 10 times that of the conven- 
tional optical pulse encoder can be obtained. 

Rg. 3 shows an arrangement of the second 
embodiment of the present invention. Reference 
numeral 10 denotes a photodetector; and 20. a 
rotary disk. Photodetector 10 is identical to the one 
in the first embodiment shown in Fig. 1. Rotary 
disk 20 has the same arrangement as that of the 
one in the first embodiment. However, in this rotary 
disk 20. since a concave part of slit 22 has a width 
of 1.1 um, and the silt interval Is 1.5 um which 
remains the same, the width of a convex part is 0.4 
ixm. Hence, the relationship in width between each 
concave part and each convex part of the slits is 
reversed. 

When the center of laser beam 15 radiated 
from photodetector 10 coincides with the center of 
the concave part of slit 22, since the width of the 
concave part is almost equal to the spot size of 
laser beam 15. most of the laser beam is reflected 
by the concave part and returns to photodetector 
10. As a result, an electrical signal having a large 
amplitude is obtained. 

When the center of laser beam 15 coincides 
with the center of a portion between the concave 
parts of slits 22, i.e., the center of a convex part, 
since the width of the convex part of the slit is not 
more than 1/2 the spot size of the laser beam, 
laser beam components reflected by the convex 
and concave parts Interfere with each other. As a 
result, an electrical signal having a small amplitude 
is obtained. Although the relationship in amplitude 
between electrical signals obtained with respect to 
the concave and convex parts of the slits is re- 
versed, the convex and concave parts constituting 
slits 22 are converted into electrical signals al- 
ternately having large and small amplitudes and 
read by photodetector 10 in the same manner as in 
the first embodiment. 

Fig. 4 shows an arrangement of the third em- 
bodiment of the present invention. Reference nu- 
meral 10 denotes a photodetector; and 20, a rotary 
disk. Photodetector 10 is identical to those in the 
first and second embodiments. Although rotary disk 
20 h£is the same arrangement as that of each 
rotary disk in the first and second embodiments, its 
manufacturing method is different. In this rotary 
disk, slits 22 are constituted by convex parts 
(which took like recesses because Fig. 4 is a view 
seen from the opposite side to the surface having 
pits). Since the with of each convex part is 0.4 um 
and the slit interval is 1.5 um, the width of each 
concave part is 1.1 um. The relationship in width 
between concave and convex parts of slits is the 
same as that in the second embodiment. 



Similar to the second embodiment, therefore, 
when the center of laser beam 15 radiated from 
photodetector 10 coincides with the center of the 
concave part between the convex parts, since the 

5 width of the concave part is almost equal to the 
spot size of the laser beam, most of the laser beam 
is reflected by the concave part and returns to 
photodetector 10. As a result, an electrical signal 
having a large amplitude is obtained. When the 

70 center of laser beam 15 coincides with the center 
of the convex part of slit 22, since the width of the 
convex part is not more than 1/2 the spot sizel of 
the laser beam, laser beam components reflected 
by the convex and concave parts interfere with 

75 each other. As a result, an electrical signal having a 
small amplitude is obtained. The concave and con- 
vex parts constituting slits 22 can be converted into 
electrical signals alternately having large and small 
amplitudes and read by photodetector 10. 

20 Even if the width of each convex part of slits in 
the third embodiment is set to be 1.1 um. and the 
width of each concave part between the respective 
convex parts is set to be 0.4 um (not shown), the 
concave and convex part of the silts can be con- 

25 verted into electrical signals in the same manner as 
described above. 

In the above-described emix>diments of the 
present Invention, the concave and convex parts 
are formed on the plastic member of the rotary 

30 disk and the reflecting film is formed on the resul- 
tant surface so as to have the same arrangement 
as that of a CD (compact disk) or an LD (laser 
disk). However, concave and convex parts may be 
formed on a metal disk so as to have a structure 

35 allowing direct reflection. Alternatively, a rotary disk 
may be designed to transmit laser beams without a 
reflecting film. In this case, the intensities of trans- 
mitted laser beams are read by a photodetector by 
using the phenomenon that the transmitted laser 

40 beams are shifted in phase by the concave and 
convex parts (differences in thickness) formed on 
the rotary disk and interfere with each other. 

Fig. 5 shows a modification of the embodiment 
shown in Rg. 1. Rotary disk 20 is coupled to the 

45 rotating shaft of a rotating object to be detected 
and Is rotated upon rotation of the rotating object. 
Reference numeral 21 denotes a plastic member; 
22, slits: 23, a reflecting film; and 24, a protective 
film. Slits 22 are designed such that concave parts 

50 (which look like projections because Rg. 5 is a 
view seen from the reflection side of the surface in 
which the slits are formed), each having a depth of 
0.1 1 um. a width of 1 .3 um, and a proper length, 
are radially formed in one surface of plastic mem- 

55 ber 21 of rotary disk 20 at 2.6-um intervals (each 
of the remaining convex parts has a width of 1.3 
um). and reflecting film 23 is fonmed on the sur- 
face having the concave and convex parts. That is. 
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slits 22 are constituted by the concave and convex 
parts. 

When the center of laser beam 15 coincides 
with the boundary between the concave and con- 
vex parts of stit 22. the half of the laser beam is 
reflected by the concave part, and the other half is 
reflected by the convex part. These two laser beam 
components are mixed and return to photodetector 
10. The laser beam components reflected by the 
concave and convex parts have a difference In 
optical path length corresponding to twice the 
depth of the concave part. Since the depth (0.11 
um) of the concave part is set to be 1/4 the 
wavelength of a laser beam which is transmitted 
through plastic member 21, the laser beam compo* 
nents reflected by the concave and convex parts 
are 180* out of phase, and cancel each other upon 
interference. As a result, the amount of laser 
beams which return to photodetector 10 is greatly 
decreased, and hence an electrical signal obtained 
from photodiode 16 is reduced in amplitude. 

When the center of laser beam 15 coincides 
with the center of the concave or convex part of slit 
22, since the width (1.3 um) of the concave or 
convex part of slit 22 is almost equal to the spot 
size (1-4 um) of the laser beam, most of the laser 
beam is reflected by the concave or convex part 
and returns to photodetector 10. As a result, an 
electrical signal having a large amplitude is ob- 
tained from photodiode 16. In this manner, the 
convex and concave parts constituting slits 22 can 
be converted into electrical signals alternately hav- 
ing large and small amplitudes and read by 
photodetector 10. Since one slit has two bound- 
aries defined by the concave parts and the convex 
part, an electrical signal whose amplitude changes 
twice for every rotation of slit 22 corresponding to 
the slit interval (2.6 um) upon rotation of rotary disk 
20 can be obtained. 

If the spot size of a laser beam is set to be 1 .4 
um. an electrical signal having a large amplitude 
can be obtained from photodetector 10 by setting 
the widths of the concave and convex parts of each 
slit of rotary disk 20 to be 1.4 um or more. How- 
ever, if the widths of convex and concave parts are 
increased, the number of slits which can be formed 
in the periphery of a rotary disk is decreased, and 
the resolution of the rotation detector cannot be 
improved. For this reason, the widths of the convex 
and concave parts are set to be 1.3 um which Is 
slightly smaller than the spot size of a laser beam 
in consideration of the amplitude of an electrical 
signal obtained as a resolution. With this arrange- 
ment, about 210,000 slits can be formed in a rotary 
disk having a diameter of 10 cm. As a result, an 
electrical signal having about 420.000 cycles per 
rotation can be obtained. 

It is difficult to form a slit into a perfect rectan- 
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gular shape as shown in the drawings, and hence 
the state of reflection of laser beams at concave 
and convex parts varies depending on the shape of 
slits. As a result, the amplitudes of electrical stg- 
5 nats obtained from a photodetector nonunlformly 
vary depending on positions at which laser beams 
are radiated. However, the amplitudes of eiectricai 
signals can be made uniform by slightly changing 
the widths of concave and convex parts. 

TO As described above, according to the embodi- 

ment of the present invention, a rotation detector 
having a very high resolution, which uses the tech- 
nique of optical disks such as a CD (compact disk) 
and an LD (laser disk) can be obtained. Since slits 

IS consisting of concave and convex parts similar to 
pits of an optical disk and a reflecting film are 
used, tracking in the radial direction is not required. 
In addition, the structure can be simplified, and the 
reliability of the rotation detector can be greatly 

20 improved. 

Since the widths of concave and convex parts 
constituting a slit are set to be substantially the 
same, and are set to be substantially equal to or 
larger than the spot size of a laser beam, an 

25 electrical signal whose amplitude greatly changes 
twice every time the rotary disk is rotated by a 
degree corresponding to one slit can be obtained 
from the photodetector. In add»4- n, the slit interval 
can be reduced to about 2.6 um. As a result, a 

30 rotation detector having a resolution more than 10 
times that of the conventional optical pulse encoder 
can be obtained. 

Rg. 6 shows an arrangement of another em- 
bodiment of the present invention. Reference nu- 

35 moral 10 denotes a photodetector: and 20, a rotary 
disk. Photodetector 10 is identical to those in the 
above embodiments. Rotary disk 20 has the same 
arrangement as that in the embodiment shown in 
Fig. 5. However, in this arrangement, slits 22 are 

40 designed such that convex parts (which look like 
recesses because Rg. 6 is a view seen . from the 
opposite side to the surface in which the slits are 
formed), each having a depth of 0.1 1 um, a width 
of 1.3 um. and a proper length, are radially formed 

45 in one surface of plastic member 21 of rotary disk 
20 at 2.6-um intervals (each of the remaining con- 
vex parts has a width of 1.3 um). and reflecting 
film 23 is formed on the surface having the con- 
cave and convex parts. Although the method of 

50 forming the slits in the rotary disk is different from 
that in the embodiment shown in Rg. 5. the widths 
of the concave and convex parts is 1 .3 um, and the 
same functions and effects as those in the embodi- 
. ment shown in Fig. 5 can be obtained. 

55 In the above-described embodiments of the 

present invention, the concave and convex parts 
are formed on the plastic member of the rotary 
disk and the reflecting film is formed on the resul- 

6 
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tant surface so as to have the same arrangement 
as that of a CD (compact disk) or an LD (laser 
disk). However, concave and convex parts may be 
formed on a metal disk so as to have a structure 
allowing direct reflection. Alternatively, a rotary disk 
may be designed to transmit laser beams without a 
reflecting film. In this case, the intensities of trans- 
mitted laser beams are read by a photodetector by 
using the phenomenon that the transmitted laser 
beams are shifted in phase by the concave and 
convex parts (differences in thickness) formed on 
the rotary disk and interfere with each other. 

Rg. 7 shows an arrangement of still another 
embodiment of the present invention. A rotation 
detector of this embodiment is constituted by 
photodetector 10 and rotary disk 20. Fig. 7 shows 
an enlarged view of rotary disk 20 for the sake of a 
description. Reference numerals 11 A and 11 B de- 
note laser diodes; 12. a beam splitter 13, a coh 
limator lens; 14, an objective lens; 15A and 15B, 
laser beams; and 16A and 16B, photodiodes. 

Rotary disk 20 is coupled to the rotating shaft 
of a rotating object to be detected (not shown) and 
is rotated upon rotation of the rotating object. Ref- 
erence numeral 21 denotes a plastic member; 22. 
slits; 23. a reflecting film; and 24. a protective film. 
Slits 22 are designed such that convex parts (which 
look like projections because Rg. 7 is a view seen 
from the opposite side to the surface in which the 
sl'its are formed), each having a depth of 0.1 1 M-m, 
a width of 0.4 um, and a proper length, are radially 
formed in one surface of plastic member 21 of 
rotary disk 20 at 1.5-um Intervals (each of the 
remaining convex parts has a width of 1.1 u.m). and 
reflecting film 23 Is formed on the surface having 
the concave and convex parts. 

A laser beam having a wavelength of about 
0.78 um emitted from laser diode 11 A of 
photodetector 10 is transmitted through beam split- 
ter 12 and is collimated by collimator lens 13. The 
coHimated laser beam is then transmitted through 
objective lens 14 and is radiated onto rotary disk 
20 frorri the opposite side to the surface having 
slits 22. The laser beam is adjusted by objective 
lens 14 so as to be focused on the position of slit 
22. Laser beam 15A is focused to a size of about 
1 .4 um at the position of slit 22. 

The laser beam is then reflected by reflecting 
film 23 and returns to photodetector 10, The laser 
beam passes through objective lens 14 and col- 
limator lens 13, and its direction is changed by 
beam splitter 12 . The laser beam is finally guided 
to photodiode 16A to be converted into an elec- 
trical signal. \A/hen the center of laser beam 15A 
coincides with the center of the concave part of slit 
22, since the spot size of the laser beam is about 
1.4 um which is not more than 1/2 the width (0.4 
um) of the concave part of the slit, laser beam 



components reflected by the concave and convex 
parts are mixed and return to photodetector 10. 

The laser beam components reflected by the 
concave and convex parts have a difference In 

5 optical path length corresponding to twice the 
depth of the concave part Since the depth (0.1 1 
um) of each concave part is set to be 1/4 the 
wavelength of a laser beam which Is transmitted 
through plastic member 21, laser beam compo- 

10 nents reflected by the concave and convex parts 
are 180* out of phase, and cancel each other upon 
interference. Therefore, the amount of laser beam 
components which return to photodetector 10 is 
greatly decreased, and the amplitude of an elec- 

75 trical signal obtained from photodiode 18 is de- 
creased. 

When the center of laser beam 15A coincides 
with the center of the part between the concave 
parts of slits 22, i.e., the convex part, since the 

20 convex part of the slit has a width of 1 .1 um which 
is almost equal to the spot size (1.4 um) of the 
laser t>eam, most of the laser beam is reflected by 
the convex part and returns to photodetector 10. As 
a result, an electrical signal having a large am- 

25 plitude is obtained from photodiode 16A. In this 
manner, the concave and convex parts constituting 
silts 22 can be converted into electrical signals 
having large and small amplitudes and read by 
photodetector 10. In this case, an electrical signal 

30 whose amplitude changes once every time slit 22 
is rotated by the slit interval (1 .5 um) upon rotation 
of rotary disk 20 can be obtained. 

Similariy. a laser beam emitted from laser di- 
ode 11B of photodetector 10 is transmitted through 

35 beam splitter 12 and is collimated by collimator 
lens 13. The collimated laser beam is then trans- 
mitted through objective lens 14 and is radiated, as 
laser beam 15B, onto rotary disk 20. The laser 
beam is then reflected by reflecting film 23 and 

40 returns to photodetector 10. The laser beam 
passes through objective lens 14 and collimator 
lens 13 , and Its direction is changed by beam 
splitter 12. The laser beam is finally guided to 
photodiode IGB. 'An electrical signal conresponding 

45 to the concave and convex parts constituting each 
slit 22 can be obtained from photodiode 168. 

Two laser beams ISA and 15B are radiated on 
rotary disk 20 so as to be separated from each 
other by a distance corresponding to 3/4 the inter- 
so val (1/5 um) of slits 22 in the circumferential direc- 
tion. Therefore, electrical signals having a phase 
difference of 90* can be obtained from 
photodiodes 16A and 16B, respectively, upon rota- 
tion of rotary disk 20. In the embodiment shown in 

55 Rg. 7, the interval between the two laser beams is 
assumed to be 1.5 um x 3/4 for the sake of a 
simple description. However, it is only required, in 
practice, that the interval between laser beam com- 
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ponents in the circumferential direction is set to be 
N ± 1/4 (N is an integer) the slit Interval (1.5 um). 

In this embodiment two independent laser di- 
odes or photodiodes are used. However, a com- 
posite element (also called a laser diode array or 
photodiode array) is available and may be used. 
The composite element is designed such that a 
plurality of laser diodes or photodiodes whose 
characteristics are made highly uniform are formed 
in a single semiconductor chip at intervals of sev- 
eral tens urn. 

Although the interval between laser beams 
from the composite laser diode cannot be adjusted, 
the interval between laser beams in the circum- 
ferential direction of the' rotary disk may be ad- 
justed to be N ± 1/4 (N is an integer) the slit 
interval (1.5 um). 

If the light-receiving area of a composite 
photodiode is set to be relatively large, no adjust- 
ment corresponding to the adjustment of a com- 
posite laser diode is required. 

Fig. 8 is a block diagram showing an arrange- 
meht of mother disk recording apparatus 100 for 
forming an optical disk used for the rotation detec- 
tor of the present invention. 

Mother disk 20 obtained by uniformly coating a 
photoresist material on a surface-polished glass 
disk is mounted and fixed on turn table 102 directly 
coupled to the rotating shaft of direct drive type 
servo motor 101. 

The rotational speed (fROT) of servo motor 101 
is detected by rotary encoder (rotation pulse gener- 
ator) 103. Detected rotational speed signal fROT is 
fed back to synchronization control circuit (SYNC 
control) 90. 

SYNC control 90 compares rotational speed 
fROT with predetermined comparison signal fOUT, 
and supplies error signal e90 corresponding to the 
difference between rotational speed fROT and 
comparison signal fOUT to motor driver 91. Motor 
driver 90 drives servo motor 101 so as to minimize 
error signal e90. 

Comparison signal fOUT is obtained by 
frequency-dividing reference frequency signal fIN 
output from reference oscillator (REF. OSC) 86 at 
predetermined frequency division ratio N using fre- 
quency divider (FREQ. divider) 89. If the numt>er of 
slits per rotation which are formed in mother disk 
20 is Ns. and the number of pulses of rotational 
speed signal fROT per rotation of motor 101 is Np, 
frequency division ratio N is represented by the 
following equation: 
N = Np/Ns ...(1) 

Movement control for laser head 85 for forming 
slits in mother disk 20 is performed in the following 
manner. 

Laser head 85 is moved by linear motor 84 
from the outer periphery to the inner periphery of 



turn table 10 with a precision on the order of 
submicrons. This movement is performed by linear 
motor 84 which is servo-controlled on the basis of 
position/speed detection by linear encoder 83. 

5 More specifically, signal e83 representing the 

movement speed (or the position relative to mother 
disk 20) of laser head 85 is fed back from linear 
encoder 83 to speed control 81. Speed control 81 
compares movement speed signal e83 with radial 

10 speed command e80. and supplies error signal e81 
corresponding to the difference between speed sig- 
nal e83 and speed command e80 to linear motor 
driver 82. Driver 82 drives linear motor 84 so as to 
minimize error signal e81. Note that radial speed 

IS command e80 is output from speed setting unit 80. 

Drive control for laser head 85 for forming slits 
in mother disk 20 is performed in synchronism with 
rotation control for servo motor 101 in the following 
manner. 

20 Reference frequency signal fIN output from 

REF. OSC 86 is input to monostable multivibrator 
(MMV) 87. MMV 87 generates pulse e87 having 
the same frequency as that of input signal fIN and 
predetermined duty ratio (the ratio of the low-level 

25 duration to the high-level duration in one cycle) ON. 

MMV 87 is of a type capable of changing duty 
ratio DN. Duty ratio DN is determined in accor- 
dance with the slit width and slit interval of slits to 
be formed in mother disk 20. When, for example. 

30 disk 20 shown in Rg, 1 is to be formed, since the 
width of each slit 22 is 0.4 um and the slit interval 
is 1.5 um. duty ratio DN of MMV 87 is set to be 
0.4/1.5 = 0.27 (27%). 

Pulse e87 whose duty ratio DN is determined 

35 in this manner is input to laser driver 88. Driver 88 
intermittentiy drives laser head 85 in accordance 
with duty ratio DN of pulse 087. 

Since the inputs to MMV 87 and FREQ. divider 
89 are identical, the laser intermittent drive is ac- 

40 curateiy synchronized with the rotation of motor 
101. Laser head 85 is moved in the radial direction 
of turn table 102 on the order of submicrons 
(corresponding to 1/10 to 1/2 the width of each slit 
to be formed) while maintaining this rotation-syn- 

45 chronized intermittent drive so as to intermittentiy 
drive the laser always at equal angular intervals. As 
a result, a slit (pit) pattern shown in Fig. 1 is 
formed on mother disk 20. 

Rotary disk 20 for the rotation detector of the 

50 present invention may be manufactured by sub- 
stantially the same method as that of manufactur- 
ing a CD (compact disk) or an LD (laser disk). 

In the manufacture of a CD (compact disk), a 
mother disk is formed first. A photoresist material 

55 is coated on a disk, such as a surface-polished 
glass, so as to have a uniform thickness. A laser 
beam which is focused by a lens to a size of about 
0.5 um is intermittently radiated onto the disk in 
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accordance with a pit pattern to be recorded while 
the disk is rotated. At the same time, the laser 
beam is moved in the radial direction at a radial 
pitch (track pitch) of 1.6 um per rotation of the 
disk. The pit pattern is formed, as exposure marks, 
on the photoresist material on the disk. When this 
pattern is developed, portions of the photoresist 
material corresponding to the pits are removed, 
and the pits are formed as concave parts, thus 
completing a the mother disk. 

After the mother disk is plated with a metal 
such as nickel, the mother disk is removed to form 
the stamper of the mother disk. By using this 
stamper, a plastic member is formed by injection 
molding or the like so as to form a copy having 
concave and convex parts identical to those of the 
mother disk. Aluminum is then deposited ^ on the 
surface having the concave and convex parts, and 
a reflecting film is iomed on the resultant struc- 
ture. In addition, a plastic protective film is formed 
on the reflecting film so as to complete a CD 
{compact disk). 

A mother disk for the rotary disk of the present 
invention is formed as follows. By using the ap- 
paratus shown jn Rg. 8. a laser beam is intermit- 
tently radiated, at a predetermined frequency, onto 
a disk obtained by uniformly coating a photoresist 
material on a base disk, such as a surface-polished 
glass. The rotational frequency of the disk Is con- 
trolled by frequency-dividing this intermittent fre- 
quency so as to synchronize the intermittent fre- 
quency of a laser beam with the rotational fre- 
quency of the disk. The spot size of the laser beam 
is set to t>e about 0.4 um, and the movement of 
the laser beam In the radial direction Is set to be 
very small (about 0.1 jxm). As a result, the laser 
beam is radiated on the disk a predetermined 
number of times and at predetermined Intervals 
which are determined by the ratio of the intermit- 
tent frequency to the rotational frequency. When 
the disk is rotated once, a laser beam is radiated 
on it at substantially the same angular position but 
at a position slightly shifted (about 0.1 wm) from 
the preceding position in the radial direction. 

Since this radial shift is small relative to the 
spot size of a laser beam (about 0.4 um), the 
radiation area is continuous in the radial direction. 
Therefore, radial slits with respect to the center of 
the disk can be fonmed as exposure marks by 
repeating this radiation. The width of each slit can 
be controlled by controlling the ON intervals of 
laser beams. When the resultant slits are devel- 
oped, a disk having slits consisting of concave and 
convex parts is completed. The concave/convex 
pattern can be reversed by changing the property 
of a photoresist material (to negative or positive). 

Similar to the manufacture of a CD (compact 
disk), copies can be formed by using the above- 



described mother disk so as to manufacture rotary 
disks of rotation detectors in large quantities at low 
cost. 

As has been described above, according to the 
5 present invention, a highly reliable rotation detector 
having a very high resolution which uses the tech- 
nique of a CD (compact disk) or an LD (laser disk) 
can be obtained. Since tracking in the radial direc- 
tion, which is required in an optical disk, is not 
70 required, the structure can be simplified, and the 
reliability of the rotation detector is greatly Im- 
proved. ' 

In addition, by properly selecting a relationship 
between the widths of the concave and convex 

75 ports constituting the slits and the spot size of the 
laser beam, an electrical signal whose amplitude 
greatly changes once every time the rotary disk is 
rotated by a degree corresponding to a slit Interval 
can be obtained. At the same time, the slit interval 

20 can beredued to 1.5 w.m, and hence a resolution 
more than 10 times that of the conventional optical 
pulse encoder can be obtained. Furthermore, the 
elements for an optical disk can be applied to most 
of the basic constituent elements of the present 

25 invention. Hence, similar to optical disks, rotary 
disks can be manufactured in large quantities, and 
a bw-Gost rotation detector having high resolution 
an reliability can be realized. 

Note that it is easy to arrange a plurality of 

^ photodetectors in a rotation detector so as to gen- 
erate two-phase pulses or a pulse per rotation as In 
the conventional optical pulse encoder. 

By properly selecting a relationship between 
the widths of concave and convex parts constitut- 

35 ing slits and ttie spot size of tiie laser beam, an 
electrical signal whose amplitude greatiy changes 
twtee for every rotation of a rotary disk correspond- 
ing to a slit interval can be obtained. 

In addition, according to tiie above-described 

40 - embodiments of the present Invention, a two-phase 
output rotation detector having a very high resolu- 
tion and capable of discriminating a rotational di- 
rection, which uses tlie technique of a CD 
(compact disk) or an LD (laser disk), can be ob- 

45 tained. Unlike the conventional detector using a 
pair of photodetectors, this detector requires only 
one optical system. If a composite element is used 
for this detector, the structure can be simplified 
with the number of components remaining substan- 

50 tially the same as that of a one-phase output rota- 
tion detector. Therefore, the manufacturing cost 
can be decreased, and the reliability can be greatly 
improved. 

Since the intervals between laser beams can 
55 be reduced to several tens um, relative precision 
required for the intervals of laser beams in the 
radial direction can be decreased. Hence, the inter- 
vals can iDe easily adjusted. In addition, no consid- 
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eration needs to be given to the chance that the 
intervals between laser diodes or photodiodes are 
mechanically changed with the lapse of time. 

A two-phase output rotation detector having a 
resolution more than ten times that of the conven- 
tional optical pulse encoder can be obtained. If the 
rotation detector of the present invention is used to 
control a motor, the motor can be very smoothly 
rotated even at a low speed, and a very small 
rotational position can be controlled. Therefore, the 
field of industrial application of the rotation detector 
of the present invention is very wide. 

The present invention has been described 
above with reference to its particular embodiments. 
However, the number of laser beams is not limited 
to two. A multiphase output rotational detector can 
be realized by using a larger number of laser 
beams. In order to form a plurality of laser beams, 
a laser beam emitted from one laser oscillator such 
as a laser diode may be divided by a half mirror or 
a diffraction grating. 



Claims 

1 . An optical disk adapted to a rotation detector 
employing a combination of the optical disk and an 
optical pickup, said optical disk (20) comprising: 
means (23) for reflecting a coherent light beam (15) 
emitted from the optical pickup (10), said light 
beam (15) having a prescribed beam spot size 
(e.g.. 1.4 (Jim); and 

a plurality of portions (22) formed on said reflecting 
means (23), 

wherein each said portion (22) has a longitudinal 
shape whose longitudinal axis is directed to a rota- 
tional center of said optical disk (20); 
a distance (e.g.. 1.1 am) of a space between the 
adjacent two of said portions (22) differs from a 
width (e.g.. 0,4 urn) of each said portion (22). 

2. An optical disk according to claim 1. char- 
acterized in that each of said portions (22) has 
convex shape. 

3. An optical disk according to claim 1, char- 
acterized in that each of said portions (22) has a 
concave shape. 

4. An optical disk according to claim 1 , 2 or 3. 
characterized in that a ratio of the width (0.4 um) of 
each said portion (22) to the distance (1.1 am) of a 
space between the adjacent two of said convex 
portions (22) is selected to be substantially 2 or 
more (the axis of abscissa in Rg. 2). 

5. An optical disk according to any one of 
claims 1 to 4, characterized in that said optical 
pickup (10) comprises: 

means (11) for emitting a laser beam (15); 

means (16) for converting an intensity of the laser 

beam (15) into an electric signal: and 



means (12-14) for feeding the laser beam (15) from 
said emitting means (11) to a place of said optical 
disk (20) at which said portions (22) pass through, 
and feeding the laser beam (15) reflected at the 
5 place of said optical disk (20) to said converting 
means (16). 

6. An optical disk according to any one of 
claims 1 to 4, characterized in that said optical 
pickup (10) comprises: 

10 first emitter means (11 A) for emitting a first laser 
beam (15A); 

second emitter means (11B) for emitting a second 
laser beam (15B); 

first converter means (16A) for converting an inten- 
75 sity of the first laser beams (15A) into a first 
electric signal; 

second converter means (16B) for converting an 
intensity of the second laser beams (158) into a 
second electric signal; 

20 means (12-14) for feeding the first laser beam 
(15A) from said first emitter means (11 A) to a first 
place of said optical disk (20) at which said por- 
tions (22) pass through, feeding the second laser 
beam (158) from said second emitter means (118) 

25 to a second place of said optical disk (20) at which 
said portions (22) pass through and which is adja- 
cent to said first place, feeding the first laser beam 
(ISA) reflected at the first place of said optical disk 
(20) to said first converter means (16A), and feed- 

30 ing the second laser beam (158) reflected at the 
second place of said optical disk (20) to said sec- 
ond converter means (1 68). 

7. An apparatus for producing an optical moth- 
er disk, comprising: 

35 means (86) for generating a reference frequency 
signal (fIN): 

means (89-91. 101-103) for rotating the optical 
mother disk (20) in synchronism with said refer- 
ence frequency signal (fIN): 

40 means (85. 87, 88) for intermittentiy emitting a 
laser beam to a photoresist material formed on the 
optical mother disk (20). the intermittent emitting of 
said laser beam being synchronized with said ref- 
erence frequency signal (flN); 

45 means (80-84) for shifting said intermittently emit- 
ting means (85) along a direction from an outside 
of the optical mother disk (20) to a center thereof, 
so that a slit pattern (22) is formed by the intermit- 
tent emission of said laser beam on the F>hotoresist 

50 material of said optical mother disk (20). 

8. An apparatus according to claim 7, char- 
acterized in that said intermittentiy emitting means 
(85. 87. 88) includes means for determining a dura- 
tion of the intermittent emitting of said laser beam. 

55 a width (e.g.. 0.4 am) of the slit (22) formed by the 
intermittent emitting of said laser beam depending 
on the duration of the intermittent emitting of said 
laser beam. 

10 — 
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@ A rotation detector includes a rotary disk (20) in 
which siits (22) are recorded, and a photodetector 
(10) for reading the slits (22) with a laser beam (15). 
The slits are constituted by concave and convex 
parts having different widths radially formed on one 
surface of the rotary disk at different Intervals. The 
width of one of the concave and convex parts con- 
stituting the slits (22) which has a smaller width or 
slit interval is set to be smaller than the spot size of 
the laser beam. 
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